In this investigation, studies are carried out on the mechanical properties of hybrid polymer composites. Hybrid composites can reach a better combination of both artificial and natural fibre properties. Different weight percentages of jute fibres were hybridised with coconut sheath to produce the composites through compression moulding. Composites were produced using untreated and treated fibres. Fibre surfaces were treated with trichloro(vinyl)silane and starch solutions. Inter-laminar shear strength (ILSS) and flexural tests were conducted on the composites. Results show that jute hybridisation yields significant enhancement in the coconut sheath composite.
Introduction
Natural fibres like coconut, jute, kenaf, pineapple, flax, wood etc. are preferred recently by the materials engineering community due to their biodegradable, light weight, low cost, high specific strength and easily decomposable in the environment properties. To keep the environment free from pollution, the use of biodegradable and environmental friendly polymer is important and hence scientists all over the world are becoming interested in natural polymers and fibres. Jute is a long, soft, shiny vegetable fibre that can be spun into coarse, strong threads. It is produced from plants in the genus Corchorus, family Tiliaceae. Jute is one of the cheapest natural fibres and composed of the plant materials cellulose and lignin (Bera et al., 2010) . The coconut sheath (CS) is one of the mate forms of the fibre which is branch of the tree at the top. A good interfacial bond between fibre and matrix can substantially improve the mechanical properties of the composites. Jappes et al. (2012) explored the novel natural fibre reinforcement to the polymer matrix. Jappes and Siva (2011) reported the effect of silane treatment of the CS on its property enhancements. Siva et al. (2012) reported the effect of glass fibre hybrid on the tribological properties of the CS polyester composites. Authors conclude the positive effects of hybrids on the CS polyester composite. Sever (2010) reported the benefit of alkali treatment to improve the interfacial adhesion between fibre and matrix. Many researchers (Nunna et al., 2012; Yan et al., 2012; Kumar and Siddaramaiah, 2005; Zaman et al., 2010) already reported the improvements in mechanical properties of biodegradable composites based on starch and natural fibres. Hence, in this study the hybrid fibres are treated with alkali, silane and starch solutions. Among the composite production techniques, Chang (2008) reported uniformity in curing pressure can be achieved by compression moulding method. Meantime, the authors suggested that the curing process could be done in either direct sunlight or microwave oven. Amico et al. (2010) found that the compression moulding process of making composite yields better strength in all aspects. In addition, Liu et al. (2007) also suggested that the compression moulding neither damages nor orients the fibres. Based on the literatures, in this work the jute fibre is used to hybridise the CS polyester composites with fibre treated conditions thorough the compression moulding process.
Experimental details

Materials
CS and jute (J) are collected from local sources of Tamilnadu/India. Isothothalic polyester resin is used as the matrix, ethyl methyl ketone peroxide and cobalt napthanate are used as catalyst and actuator supplied by Vasavibala resins, Chennai/TN, India. Corn starch and NaOH were supplied from Ganapathi traders, Srivilliputhur/TN, India.
Surface modification
Initially washed (bleached-BT) and dried fibres are subjected to the mercerisation process using 1 N alkali (NaOH) solution. Fibres kept as like for an hour at room temperature in the NaOH solution followed by the thorough wash with distilled water to remove the deposited NaOH on fibre surface. 3 wt% concentrated Trichloro(vinyl)silane solution is prepared using 3.5 pH acidified water. Mercerised fibres are dipped into the silanol solution for an hour followed by drying process (TT). Starch solution is prepared with 5 wt% concentration (ST). Mercerised fibres are immersed into the starch solution for an hour followed by the simple drying process.
Fabrication of composites
Compression moulding method is followed for the production of pure and hybrid composites. The codes used in the composite manufacturing are displayed in the Table 1 . Catalysed resin is layered on the wax protected mould cavity. Fibre stacks are deposited inside the cavity with the application of catalysed resin into the consecutive layers. Finally, mould is closed and keeps under the curing pressure of 15 MPa until complete curing of 24 h. Ejected final composite is cut into desired dimension for further mechanical testing as per the ASTM requirements. Shore D hardness test is conducted on the produced composites. 
Bending tests
Composite bending properties are tested through simple three point bending (flexural test-ASTM D790) and short beam test (inter-laminar shear strength ILSS-ASTM D2344).
Tests are conducted by keeping the span-thickness ratio as 1:16 for flexural test and 1:5 for ILSS test in the Instron UTM. An average of five specimen are reported in each test. Figure 1 shows the variation of hardness of CS polyester composite as a function of jute hybrid. The effects of treatments also discussed in this section. The pure CS fibre composite (J) is observed with no significant variation in hardness after the treated fibres reinforced. In the untreated condition composites (bleached only) addition of jute hybrid into the CS composite resulted the loose of composite hardness until the very high hybrid percentage (68%). Composite with 84% hybrid shows the highest harness value among the others. Composites with starch and silane treated fibres gained more hardness with jute hybrid. Unlikely, J8 composite loses the hardness slightly with treated fibre reinforcements. Figure 2(b) illustrates the effect of fibre surface treatment on flexural modulus of CS/jute hybrid composite as the function of hybrid fibre contents. In general, the pure jute fibre composite has a greater flexural modulus than the CS composite. Hence, it is expected that an intermediate modulus values through the incorporation of jute fibres into the CS fibres can be achieved. Likely, incorporation of 20 relative weight percent addition of jute fibre into the CS fibre composites gained more stiffness compared to the other bleached hybrids. Further addition of the jute fibres with CS fibres strain more the composite structure during the bending loading, which resulted poor flexural modulus. Figures 3(a)-3(b) show the SEM images of starch treated composite fractured under bending load. The mercerised fibre surface is appeared with full of starch deposition. By nature the CS fibre a rich amount of deposited wax on its surface . And the alkali treatment washed and activate the fibre surafce (Jappes and Siva, 2011) for high surface energy. This atteacts more starch to depost on its surface, which in turn poor mechanical interlocking with the matrix again. Hence the starched fibre composites offered poor flexural strengths.
Results and discussion
Composite hardness
In the meantime, addition of the CS fibres with the pure jute composite (J6 and J8) also weaken the produced composite which is attributed by the decrease in flexural modulus. Nevertheless, starch treatment of the fibres enhances the stiffness of the produced composites. The gain is more in the pure composites than the hybrids. Silane treatment of the fibres only offered the positive effects on the least and high hybrid composites. The treatment never offered significant effects in the equal contributed hybrid composites. The natural mesh structure of the CS provides the superior bending strength to the composite and the same is further increased by the jute hybridisation. In the meantime, excessive addition of the jute fibres deteriorates the benefit of natural mesh of CS. This effect is compensated by the starch treatment of the hybrid fibres. A significant gain in the short beam strength is recorded in the starch treated hybrid composites. Meantime, silane treatment of the hybrid fibres imparts the gain only at the high jute fibre reinforced CS hybrid composites and pure CS composites.
Conclusions
From the results, the following conclusions can be derived, • significant improvement in mechanical properties obtained with the less jute hybrid composites • starch treatment of the hybrid fibres greatly enhanced flexural strength of J5 hybrid composites • ILSS of the pure and hybrid composites greatly enhanced when using starch treated CS and jute fibres • SEM images revealed fibre agglomeration and evidenced the loss of composite stiffness after silane treatment of the fibres used as reinforcement.
